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Acronyms

Acronym Definition Acronym Definition
AEC Automotive Electronics Council Metal-Oxide-Semiconductor Field
VIQSIHEI! Effect Transistor

BOK Body of Knowledge

COTS Commercial Off the Shelf MSFC Marshall Space Flight Center
Electrical, Electronic, and NASA Nathng : Ae.ronautlcs I SO

EEE : Administration
Electromechanical -

ETW Electronics Technology Workshop NEPP AT Electronlc FEITE S

Packaging

FET Field Effect Transistor PWM Pulse Width Modulation

GaN Gallium Nitride QML Qualified Manufacturer List

GRC Glenn Research Center SEE Single Event Effect

GSFC Goddard Space Flight Center SEP Solar Electric Propulsion

HTGB High Temperature Gate Bias Si Silicon

HTRB High Temperature Reverse Bias SiC Silicon Carbide

JPL Jet Propulsion Laboratory TAMU Texas A&M University

JSC Johnson Space Center TID Total lonizing Dose
Lawrence Berkeley National WBG Wide Bandgap

LBNL
Laboratory
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Why Perform Reliability Tests?

U Power switching devices are a key component in
power electronics and are subjected to many
stresses in their normal operation within systems

U Examples of reliability tests

High Temperature Reverse Bias (HTRB)
High Temperature Gate Bias (HTGB)
Thermal cycling

Extreme temperature

Radiation
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WBG Applicability in NASA Missions

U SIC and GaN are the Wide Bandgap (WBG) power
devices of most interest to NASA

U Benefits include:

A\ Higher breakdown voltage

Higher operating temperature

Higher frequency operation

Increased efficiency

Better size, weight, and power numbers

U NASA applications/missions include Solar Electric
Propulsion (SEP), hybrid/electric aircraft propulsion,
communications

U There are still challenges to be overcome before
WBG power devices are widely adopted
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NEPP-Supported GRC Activities

U NASA Wide Bandgap (WBG) Working Group

A Collaboration on pre- and post-irradiation of GaN & SiC devices

A Publication of Body-of-knowledge (BOK) on WBG power devices
V  Completed BOK on SiC (in collaboration with GSFC)
V  Generating BOK on GaN (in collaboration with JPL)

U Performance and reliability assessment of supporting electronics
for WBG power devices

U Evaluation of COTS and automotive-grade EEE Parts under
extreme temperatures and thermal cycling

U NEPP website report publishing
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BOK on GaN Power Devices

U Provide a brief guidance to GaN technology and
create a Asnapshostatus of t

Technology overview

NASA applications

Ongoing work (government, industry, academia)
Challenges and limitations

Reliability

Future direction
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Collaborative Performance Assessment
of WBG Power Devices

U Collaboration with GSFC and JPL
U Characterization of pre- & post-irradiated power devices
U Extreme temperature exposure and wide-range thermal cycling

U High temperature reverse bias (HTRB) & high temperature gate
bias (HTGB) tests of control & irradiated parts

U Determination of degradation & annealing
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GRC Extreme Temperature Electronics Lab

U Two environmental chambers (0.37 ft3; 2.2 ft3)

U Extreme temperature exposure, thermal cycling, and life-testing

U Programmable temperature rate, dwell time, and number of cycles
U Temperature range: -194 °C to +315 °C; rate: 0.1 °C/min to 36 °C/min
U Built-in feed-throughs for multi-stress (electrical/thermal) testing

U Material, device, and circuit characterization
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Device-Mounted Boards

—SEFFRUSRLRNAN—
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EPC 2012

GaN GS61008P GaN GS61008P
(Un-capped/irradiated)
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# Sampl L. :
Manufacturer Part # Parameters Sl es Radiation | Cycling
(control/Irradiated)
EPC 2012 200V, 3A, 100mq 15/26 \"
GS61008P 100V, 90A, 7.4mq 11/10 \Y,
GaN Systems
GS66508P 650V, 30A, 52mq 4/0 Planned
Radiation Exposure
Device lon Energy (MeV) LET (MeV.cm?/mg) | Range (em) | Incidence Angle Facility
EPC Xe 3197 41 286 Normal TAMU*
Ag 2651 42 - 48 90 Normal TAMU*/LBNL*
GaN Systems
Au 2594 87 118 Normal TAMU*/LBNL*
* TAMU: Texas A&M University; LBNL: Lawrence Berkley National Lab
Thermal Cycling: 10 min +125°C
U 1000 cycles 10 °C/min
U Rate: 10 °C/min
U Range: -55°C to +125°C
U Soak time: 10 min -55°C
10 min

To be presented by Kristen T. Boomer at the 2020 NEPP Electronics Technology Workshop (ETW), NASA GSFC, Greenbelt, MD, June 15-18, 2020 Www.nasa.gov 1o



National Aeronautics and Space Administration

EPC 2012 Enhancement Mode Power FET

Courtesy: NASA JPL, L. Scheick

Heavy ion response of EPC2012 device k8765 at normal incidence. (Leakage current recovers after irradiation)
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EPC 2012 Enhancement Mode Power FET

Pre Post 500 Post 750 Post 1000
EPC2012 cycling cycles cycles cycles
Cont Irrad Cont Irrad Cont Irrad Cont Irrad
Vi (V) 1.14 0.82 1.12 0.93 1.12 0.94 1.12 0.95
lo e (WA) 1.19 1.48 1.08 1.54 1.05 1.44 1.03 1.40
Il r (NA) 109.25 153.58 100.05 134.56 97.66 139.13 95.22 128.61
o, (MA) 0.32 | 14735 | 033 | 14273 | 0.32 | 15160 | 0.30 | 147.64
1.0 e \‘/GS‘ o 1.0 7 Ves S 20V 1.0 ) Ve : 2%0\/‘
0.9 ’J.f || 0.9 .I ‘1. ‘V 2y 2 1‘6\‘/
08 R 1.8V 2.8 .',‘ " 6 Z.s o
= z:s Lot 1.6V = o.; o o‘! ~ 0-; /f 2
% 0.5 < i O Ll 5(5 L f" ol 3:5 a ¢ ‘f" 1.4V
£ 0.4 ...Jl' _,.-"" — Zj ] I‘r “f ,‘ 1.4v = zj B o - 4
0.3 al ossml 1.4V 0'3 i b r4RP= )
0.2 ] R i .....o'.-l' 0.2 "f = ' ‘#’ 0-2 " & o P B 1oV
0'1 —..--lp'" | deeda 12Vl | 0'1 _’," .—-m" gy 1.2v Z.l ; o ) L
0:0 = Ll . ‘ 0:0 b -J-ﬂtl;ﬁ""- - o:o - '::m:"-““;--
- . . _ . . - 0.0 0.4 0.8 Ves ) 1.2 1.6 2.0 0.0 0.4 0.8 Vos (V) 1.2 1.6 2.0
Pre-cycling Pre-cycling Post-cycling

Irradiated part Irradiated part

Control part
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GaN Systems GS61008P Power FET

Courtesy: NASA JPL, L. Scheick

Heavy ion response of GS61008 device a3260 at normal incidence. (Destructive SEE observed at V5 of 100 V)
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GaN Systems GS61008P Power FET

Pre Post 500 Post 750 Post 1000
GS61008P cycling cycles cycles cycles
Cont Irrad Cont Irrad Cont Irrad Cont Irrad
Vi, (V) 0.90 0.98 0.87 0.98 0.90 0.99 0.90 0.99
loLr (MA) 35.23 73.05 35.45 82.27 35.15 81.09 35.20 80.53
ler (NA) 1.21 1.26 1.11 1.25 1.07 1.24 1.06 1.22
IoL (MA) 4.94 131.50 3.94 129.58 3.99 125.58 3.97 122.80
2 Vgs = 2.0V r2 [ 8 Ves=20v L2 jvés =20V
\ g | \
10 1.9V 10 1.9V e 10 1.9V
Aos I, 7 1.8V AO'S 1 / i os 4 / ’_1.8v
Zos / LoV 06 y 4 300-6 17V
_04 f § ‘// 1.6V 0 }! // P e oa rd j/ 1.6V
| > VA A A~
0.2 : ] -’ — I15v— 0.2 2 " 0.2 " > - — 1.|5v
peen®™™ esseto® " ose 0.0 S o 0.0 "
0.0 0.5 1.0 VI;:S(V) 2.0 25 3.0 d o d VD-S » - - g . R . VD-S “ d . o
Pre-cycling Pre-cycling Post-cycling
Control part Irradiated part Irradiated part
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HTRB Test of Cree 900V SiC N-Channel
Power MOSFETs

Parameter Value

Drain-Source Voltage, Vs (V) 900 B |
Gate Threshold Voltage, V4 (V) 2.1 @ Vps =10V, I =5mA ' ﬂ ‘
Drain Current, 15 (A) 36 : -
Drain-Source On-Resistance, 65 @ Vgs = 15V, I, = 20A

Rps( ON) ( mq)

Zero Gate Voltage Drain Current, 1@ Vps =900V, Vgg = 0V

IDSS (“A)

Gate-Source Leakage Current, l5gq 10 @ Vgg = 15V, Vpg = 0V

(nA)

Operating Temperature, T (°C) -55 to +150
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HTRB Test

Samples: 3 pristine, 6 irradiated
Duration: 1000 hours
Temperature: 150 °C

Bias: 80 % rated BVgs, Vg =0V

Procedure per MIL-STD-750 Method 1042.3 & NASA
Guideline EEE-INST-002

U Parameters:
A Gate threshold voltage
A Drain leakage current

A Gate leakage current
A Drain-source breakdown voltage

U Measurements at 23 °C & at +150 °C at intervals

cC:. C:. C- C: -
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Test Board
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